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'' On the Seasonal Variation of Atmospheric Temperature in the 
British Isles and its Eelation to Wind-direction, with a Note 
on the Effect of Sea Temperature on the Seasonal Variation 
of Air Temperature/' By W. N. Shaw, M.A., F.RS., 
Secretary to the Meteorological Council, and E. Wali^ 
Cohen, B.A. Eeceived June 11,— -Eead June 20, 1901. 

The following paper is mainly concerned with the analysis of the 
seasonal variation of temperature of the British Islands into a series of 
simple harmonic curves. The variation of temperature is so irregular 
that the use of this method of analysis for the investigation of the 
subject may seem to be arbitrary and inappropriate, and a few words 
of introduction are accordingly necessary to indicate the circumstances 
under which this mode of dealing with the subject showed itself to be 
specially adapted for the purpose. 

Observations have been made for the Meteorological OiEfice since 1871 
with self-recording instruments at the four observatories, Kew, Aber- 
deen, Falmouth, and Valencia, and the daily means of pressure and 
temperature from the twenty-four hourly readings of the curves of the 
barometer and dry-bulb thermometer have been worked out for twenty- 
five years, but have not yet been published. The means for temperature 
are represented in Diagram 1 (p. 62), by cTirves whose co-ordhiates are 
respectively proportional to the number of days since the beginning 
of the year, and the corresponding twenty-five-year mean of the day*s 
temperature at the several observatories. 

The following points may be noticed upon an inspection of the 
curves : — . 

(1.) The summer portions of the curves have a larger amplitude and 
a shorter duration than the winter portions. 

(2.) The curves do not exhibit a smooth run, but show a number of' 
irregularities which are, in some instances, particularly in May and 
December, of considerable magnitude. 

Under these circumstances it is difficult to assign any specific number 
as the normal mean temperature for the particular day to which any 
actual observed temperature can be referred. To put the same point 
in other words, it is difficult to say whether a depression between two 
elevations is to be regarded as a period of abnormally low temperature 
between two normal periods, or as a period of normal temperature 
between two abnormally high periods. 

It will be noticed that on the diagram smoothed curves have been 
drawn, which represent with remarkable fidelity the general sweep of 
the curve, cleared of the irregularities of small period. The smoothed 
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curves are not drawn by eye merely to smooth out the irregularities, but 
they have been arrived at by a process of synthesis of simple harmonic 
curves of the first and second orders. 

The irregular lines were first compared with a simple harmonic curve 
of an annual period, drawn so as to give the same area as the irregular 
line above and below the line of mean annual temperature, and a 
general lag of about a month of all the seasons behind the planetary"^ 
seasons. The comparison at once disclosed that apart from the irregu- 
larities of short period, there was a lag of spring and an acceleration 
of autumn, and a corresponding exaggeration of the summer maximum 
and moderation of the winter minimum. This result, which is essen- 
tially characteristic of the combination of a second-order sine curve 
with one of the first order having a maximum at the same epoch, 
suggested the idea that a normal curve of reference could be formed 
by combining two such curves. 

The first-order sine curve for Kew was accordingly placed so as to 
make the lag of spring and the acceleration of autumn, as roughly 
estimated, equal; under these circumstances, the maximum fell on 
July 23, which coincides satisfactorily with the maximum of the 
original curve. The second-order sine curve was compounded with 
this — the period of the second-order curve being six months — and its 
amplitudet was so arranged as to produce the observed lag of spring 
and acceleration of autumn ; as these had been taken to be equal to 
each other, the maximum of the second-order curve, and therefore of the 
compounded curve, corresponded with that of the first-order curve and 
of the original smoothed curve. A similar process was followed for 
the other three stations. It is apparent that these new compounded 
curves give very satisfactory smoothed curves for the whole year for 
each of the stations. Thus it would appear that the regular periodic 
variations of mean atmospheric temperature at Kew may be practically 
represented by the summation of two effects, one of which corresponds 
with a sine curve having an amplitude of 12°*04F., and a period of 
one year, and the other with a sine curve having half the period and 
an amplitude of 1°*4F. Similar statements with suitable numerical 
magnitudes are true of the other stations. These results, which had 
been reached synthetically, were confirmed analytically within narrow 
limits, I and gave rise to the conclusion that there is in the twenty-five- 

* The word " planetary " is used in this paper to characterise a variation corre- 
sponding to the position of the earth in its orbit., 

t The relation between lag and amplitude is as follows : The double amplitude 
of the second-order curve == annual range x sine of angular lag. 

X The dotted lines in Diagram 1 show the combination of the synthetic curves 
of the first and second order ; the crosses mark points on the curve of the first 
order. A comparison with Table I shows that a sensible error was introduced by 
assuming the maxima of the first- and second-order components to be synchronous 
in the case of Kew and of Aberdeen. 
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year temperature curve of each of the British stations, a perfectly 
regular and recognisable periodic effect, which has positive maxima 
at the end of January and the end of July, and negative maxima 
about the end of April and the end of October. It will be seen later 
on (pp. 65, 66, and 77) that this curious and well-marked effect with a 
period of six months, having maxima about the end of January and 
July, is characteristic only of the British Isles, among the places whose 
temperature statistics have been investigated from that point of view. 
It is equally conspicuous in the variation of sea temperatures, and is 
particularly marked in the variation of barometric difference between 
London and Aberdeen (see Table III, p. 66). 

This paper is devoted to a further discussion of this effect, and an 
attempt to trace its cause. As the process of harmonic analysis gave 
results for the twenty-five years which corresponded with the synthetic 
examination of the curves, it seemed better to deal with the observa- 
tions in the better recognised and more rigorous way. 






Harmonic Analysis of Twenfdj-five-year Mean Values of Daily Temperature 

at Kew. 

The mean temperature of any day may be represented by the 
equation 

= a^ + Ti cos (x - fjii) + P2 cos 2 (a; - /X2) + , 

where ao is the mean value of the curve for the year, and Pi, P2 . . . 
represent the amplitudes of the first, second, and higher order curves,, 
while /xi, /X2 . . . . represent the period of the year, expressed in 
degrees since the beginning of the year, at which the first maximum of 
each curve occurs. From this equation, by means of a formula which 
has been worked out by Sir R. Strachey,"^ the values of these harmonic 
co-efficients Pi, P2, &c., and /xi, /X2, &c., have been determined in the 
Meteorological Office from the twenty-five-year means of the five-day 
mean temperatures at Kew, Aberdeen, Valencia, and Falmouth. The 
results of this analysis are shown in Table I. It will be seen that in 
each case there is a second-order curve whose amplitude is about one- 
eighth of that of the first-order curve, and that the amplitudes of the 
curves of a higher order are generally so small as to be negligible, and 
moreover are very much more variable than the values of the co- 
efficients of the second-order curve. 

Thus it appears that the twenty-five-year mean curve of daily tem- 
perature indicates the existence of two effects, represented respectively 
by a first-order and a second-order curve. The first-order curve re- 
presents a primary solar effect, with which we are not here concerned. 
The purpose of this investigation has been to ascertain the nature and 
physical cause of the second-order efiect. 

* ' E07. Soc. Proc.,' vol. 42, pp. 61-79. 
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lite Effect of the Types of Weather (Cyctonie or Antici/donic) on T em/per Or 

ture during the Five Years 1 876-1 880. 

The period from 1876 to 1880 was first examined. With the object 
of classifying the days of this period, the atmospheric conditions pre- 
vailing on each day were recorded on a separate card, to be subse- 
quently grouped in any manner that might be thought desirable. The 
conditions recorded were — 

1. The mean temperature. 

2. The direction of the wind. 

3. The weather. 

4. The direction of the gradient (high to low), and 

5. The type of the weather prevailing (cyclonic or an ti cyclonic). 
For this purpose weather was set down as cyclonic if the isobar on 

the 8 A.M. chart was concave to a region of low pressure, and .as anti- 
cyclonic if the isobar was concave to a region of high pressure. The 
first classification was made according to the type of weather. It was 
thought possible that this second-order temperature effect might be a 
result of periodic variations in the relative frequency and effect of 
cyclonic and anticyclonic weather at different periods of the year. 
With the object of ascertaining whether this was the case,"^ the mean 
temperatures and frequencies of occurrence of cyclonic and anticyclonic 
weather, during each month of the year, were tabulated for the five 
years under observation. For the purpose of examining the results, 
curves of temperature were drawn whose ordinates are proportional, 
not to the absolute mean temperature for the month, but to the 
difference between the mean monthly temperature and the tempera- 
ture which would be represented by the mean of the ordinates of the 
first-order curve during the month ; so that the resulting curves show 
that part of the temperature variations which is represented in the 
harmonic analysis by a summation of all the curves of higher order 
than the first. Diagram 2, fig. 1 (p. 68), shows these curves of tem- 
perature for the cyclonic and anticyclonic days respectively. It will be 
seen that only during the three summer months, and to a slight extent 
during March, is the cyclonic weather cooler than the anticyclonic. 
But both the curves show the main characteristics of the second-order 
CTU've, viz., maxima in February and August, and minima in May and 
November. Moreover, the curve of difference of temperature between 
cyclonic and anticyclonic weather (fig. 2) shows three maxima in the 
year. Fig. 3 shows the differences in frequency of the two types of 
weather during each month, expressed as percentages of the whole 
number of days in the month ; here again the curve is irregular, having 

* Mr. W. H. Dines, ' Quart J'ourn. Roy. Met. Soc.,' toI. 23, p. 237, lias already 
given some reasons against regarding cold as definitely associated with anticyclonic 
weatlier in winter. 

F 2 
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several maxima which occm^ at irregular intervals, showing that the 
relative frequency of the two types of weather plays no part in causing 
the second-order effect. Finally, by multiplying the percentage differ- 
ence of frequency of cyclonic and an ticy clonic weather for each month, 
by the difference in temperature (excess of the cyclonic, in each case, 
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EFFECT OF TYPE (CYCLONIC OR ANTICYCLONIC) 
OF WEATHER ON TEMPERATURE. KEW 1876 TO 1880. 

DEC. JAH.FEB. MftR. APR. MAY JUN. JUL. AUG. SER OCT. NOV. DEC. 



NS 




h'02 



F/0. / Divergence from first order curve. 

^ Thick during cucConic wecbther 
Thin " djibicycLorfic " 
Fj6,Z. CucLonic temperaMurc-AnbicycLfOnic. 
Fm.a. frequency of cyclonic- Frequency of&nHicycLonic 

^ Ewpressed&& percenba.^ of CoC&L number of d6Jji> 

Fid A, Effect: of Hhetype or weather on Che 

o divergence from first! order curve. 



being taken as positive, and vice versd), a resulting curve (fig. 4) is 
obtained which gives the total effect of the type of weather on the 
atmospheric temperature. A glance at this curve will show that this 
eflect is in no respect similar to the second-order effect. It is thus 
evident that the cyclonic or anticyclonic type of the weather plays no 
part in causing the second-order effect, which is nevertheless the only 
prominent periodic temperature variation which -has a meteorological 
origin. 
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The Effect of Wincl-diredion on Atmospheric Temper attire during the Five 

Years 1876-1880. 

A second classification was then made in which, while the types of 
weather Avere still distinguished, curves of the difference between first 
order curve values and mean daily temperature observed during the 
prevalence of barometric gradients for each of eight points of the 
compass, were separately drawn. Each of these curves showed certain 
characteristics which corresponded with some of those of the second- 
order curve ; either the February maximum or the May minimum or 
some other characteristics were prominent, but no single one of the 
curves for the separate gradients showed a complete curve with all the 
characteristics of the second-order curve. It was, however, very 
remarkable that the curves for the same winds during diiferent types 
of weather were closely parallel — a result which confirmed the pre- 
vious observation that neither the mean difference in temperature 
between cyclonic and anticyclonic days, nor the relative frequency of 
their occurrence, could give rise to the second-order variation in 
atmospheric temperature, or indeed to any other simple periodic effect. 
It was therefore decided to abandon the separate classification of 
cyclonic and anticyclonic days. 

Examination of the curves above described showed that the number 
of days on which any particular wind occurred during a ten-day 
interval in- five successive years, was not sufficient to eliminate the 
effect of exceptional days from the mean value obtained. A further 
period, from 1880-1884, was therefore examined, and the curves 
were constructed from monthly means, instead of from ten-day 
means, for the nine years. Thus sufficient observations were obtained 
to give mean values which might be regarded as independent of 
single exceptional variations from the mean. The observations which 
were retained for the investigation were those relating to the days 
which had been previously classed as cyclonic or anticyclonic ; the 
days which were not classified, on account of the want of any definite 
indication, were omitted. That this omission did not appreciably 
affect the results arrived at, may be inferred from the fact that one 
of the curves (Diagram 6, fig. 1, p. 75) could be obtained in two ways — 
first, by taking the temperature difference and frequency of wind for 
the included days, and, secondly, by taking the temperature difference 
from the actual means for all days. The results were quite identical 
in the two cases.. 

Effect of Wind-direction on Atmospheric Temperature during the Nine 

Years 1876-1884. 

The effect of win tl- direction on temperature was investigated by 
means of curves whose co-ordinates are respectively proportional to 
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the period of the year and to the difference on any day between the 
observed mean daily temperature for the nine years and the tempera- 
ture which would be represented on that day by thQ first order sine 
curve obtained by analysis of the twenty-five-year curve. The eight 
curves so obtained will be spoken of as the temperature curves for 
each wind; but it must be remembered that they do not represent 
observed temperatures, but differences between mean observed tem- 
peratures and temperatures given by the first-order curve at any 
given period of the year. 

The term "for each wind" also requires some amplification. 
Owing to the marked effect of local geographical conditions at any 
station, the recorded direction of the wind does not necessarily give a 
very accurate estimate of the true quarter from vfhich the station was 
obtaining its air supply, and it is of course the source of air supply 
which will affect the atmospheric temperature at any station. The 
days were, therefore, not classified according to the direction of the 
wind recorded as having been observed at Kew, but according to the 
direction of the gradient (high to low) at right angles to the isobars 
in the neighbourhood of the station, and a curve has been called the 
curve for the east wind when it really represents a curve for a souther) i 
gradient, and so on for other directions. It must be observed that 
the term " east " is not quite accurate, since the direction of air 
supply for a southern gradient will not be from due east, but from a 
little north of east. However, as we are only dealing with eight 
points of the compass, the direction of the wind when the gradient is 
to the south will be described with sufficient accuracy as an east wind. 

In Diagram 3 the temperature curves for each wind are given. It will 
be seen that each curve tends to resemble in some important respects, 
and in kind, if not in degree, the second-order curve for the twenty-five- 
year means. For example, the east wind temperature curve has a 
minimum in the beginning of May, and maxima in August and 
February ; but these are not equal minima and maxima, and the curve 
is obviously not simply harmonic. The north-east wind has a mini- 
mum in spring and autumn and a maximum in winter and summer, 
although the dates do not exactly correspond with those of the east 
wind. The curve for the north wind is irresrular but has a distinct 
absolute maximum at the end of July. The curve for the north-west 
wind has its maxima in February and at the end of July, and minima 
in spring and autumn, and so on. Thus all the winds have curves 
whose characteristics suggest those of the second-order curve, although 
they are not identical with them, and the effect represented by the 
second-order curve is still apparent in the temperature curves for each 
separate direction of air supply, and consequently is to some extent 
independent of the cpiarter from which the air is supplied. 
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JFarm, Gold, and Temperate Winds, 

This has heen shown more clearly hy grouping the winds together 
according to their mean effect on atmospheric temperature. It was 
found that the mean difference between the observed temperatures 
and first-order curve temperatures for the whole year for— 

E. wind (as defined above) was - 3"" * 1 F. 
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Seeing that the first three of these had a decided cooling effect, the 
next two a very slight cooling effect, and the last three a decided 
warming effect on the first order atmospheric temperature, these winds 
were studied in three groups, which we will call the " cold," *' tempe- 
rate," and " warm," and temperature curves were drawn for each of 
these groups (Diagram 4). Each of these three curves shows some 
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resemblance with the second-order curve. There are very distinct 
winter maxima in February in all three. Both cold and warm winds 
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have minima in May and maxima late in July or early in August, and 
the temperate winds have a very distinct minimum in November. It 
is obvious, therefore, that the second-order effect is present in each 
separate wind and in separate groups of winds. Nevertheless we 
have eliminated, by separating the effect for each wind, part of the 
physical cause which gives rise to the second-order effect. 

This is again shown in the curve which is obtained by compounding 
the eight temperature curves (Diagram 6, fig. 2, p. 75). This gives us 
a curve whose difference from the second-order curve* will represent 
that part of the effect which has been eliminated by separating the 
weather into these eight types : any effect on temperature which may 
arise from the relative frequency with which these various types occur 
will not have been taken into account. It will be seen that the 
characteristics of this curve (fig. 2, Diagram 6) approach those of the 
second-order curve far more closely than do those of the curves of 
individual winds. It has distinct maxima in February and August 
and minima in April and November, but the curve is not regular 
in its period although the period is approximately semi-annual. The 
February maximum follows a very sudden rise, and lies between two 
values for January and March which differ but very little from the 
minimum values in April and May ; and moreover the minimum occurs 
somewhat earlier than the minimum of the second-order curve. 

llelative Frequency of Occurrence of the JVarm, Temperate, and Cold JVinds. 

We have thus separated a part of the physical cause of the second- 
order effect — apart which depends on the direction of air supply, i.e., on 
the quarter from which the air is derived. The analysis may be pushed 
further by means of the three groups of winds which we mentioned 
above. Curves were drawn for each group of winds whose co-ordi- 
nates are respectively proportional to the period of the year and to 
the percentage of the total number of days (in each month for the 
nine years) on which the winds belonging to that group were observed 
to prevail (Diagram 5, p. 74). It will be seen that the cold group shows 
a very marked maximum percentage in May and a less marked one in 
November, and minima in July and at the end of December, all of 
which characteristics correspond approximately with the second-order 
curve. The curve for the warm winds shows an inverse correspondence, 
while the curve for the temperate winds, whose mean effect is small, 
but whose tendency is on the whole to lower the temperature, has 
certain points of correspondence with the curve for cold winds. It is 
obviously impossible to represent the total share of this effect of wind 

* Fig. 1, Diagrain 6, represents the total residual temperature after subtracting 
tlie twenty-fifth year first-order component, and tliei'efore shows the second com- 
j)onent combined with the residual annual component for nine years, which has an 
amplitude of nearly '5° F. and components of shorter period. 
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direction in bringing about the second-order effect by any method of 
direct composition of these curves, but the fact that each of the three 
groups gives a curve of frequency whose characteristics show this 
remarkable correspondence with those of the second-order curve, is 
sufficient evidence that the rehitive frequency of occurrence of winds 
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from the various quarte]:'s jDhiys some part in causing the second-order 
effect. What this part is is shown in Diagram 6. Fig. 1 gives the 
curve of mean temperature difference throughout the year, and fig. 2 
gives the curve which is directly compounded of all the temperature 
curves for the various winds, so that the effect of relative frequency is 
■eliminated ; fig. 3 is obtained by subtracting the ordinates of fig. 2 from, 
tlie corresponding ones of fig. 1, and may be taken as representing the 
effect upon temperature arising from the relative frequency of warm ov 
cold winds. The main features of this cui've are the winter maximum. 
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and spring minimum, and a glance at figs. 1 and 2 will show that it is the 
frequency which converts the sudden warm effect in February, whicli 
is shown by the individual wdnds, into a gradual rise from autumn to 
winter and fall from wdiiter to spring which are the features of the 
complete second-order curve. It will also be observed that the 
frequency effect has a maximum in July which brings back the maxi- 
mum exhi])ited ])y the sum of the individual effects to its normal 
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position. The October- — November effect seems to be complete in the 
compounded curve, and, as was seen in Diagram 4, it has its origin 
chiefly in the curves of the south-east and north-west winds. Thus it 
appears that the second-order effect is to some extent independent of 
the direction of air supply, but that it is in part due to the relative 
frequency at different times of the year with which the air supply is 
derived from " hot," " cold," or " temperate " sources. At the periods of 
the maxima of the second-order curve the air supply of these islands 
is derived mainly from the warm sources, ^.<?., south, south-west, and 
west, and at the periods of its minima, either from the coldest sources, 
w^hich are the east, north-eastj and north, or to a very predominant 
extent from the slightly cold sources, which are the south-east and 
north-west. 

It is especially iiotew^orthy that the cooling effect \i\ May is due to 
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the relative prevalence of winds from cold quarters (see Diagram 5^ 
fig. 1), combined with the fact that ^' warm " winds and " cold'' winds 
(Diagram 4, figs. 2 and 3) are relatively colder at that time than at 
other times of the year; whereas the cooling effect in October — 
November may be attributed to the prevalence of the winds we have 
called "temperate " (i.e., N.W. and S.E. winds), which at that time of 
the year become especially cold. 

The July maximum corresponds to exceptional warmth of the 
generally cold or temperate groups of winds (figs. 1 and 3 of 
Diagram 4), and the January maximum corresponds especially to the 
frequency of occurrence of warm winds. 

Effect of the Length of Period Analysed on the Position and Amplitude 

of the Curve. 

As has been stated above, these effects have all been studied for 
Kew, and reference has always been made to the analysis of the 
tioenty-five^year mean curve of temperature for Kew. It will, however, 
be seen that a possibility of error is here introduced, since it cannot be 
assumed that the mean curve for the nine years on which our results, 
have been mainly based would have the same harmonic coefficients as- 
the curve for the twenty-five years. Analyses were therefore made of 
the curves of mean temperature for various periods of years at Kew 
(Table I). It will be seen that the first-order curves for the twenty- 
five years and nine years are practically identical, and the positions of 
the maxima of both the first- and second-order curves are also almost 
identical for the two periods of years. The third- and fourth-order 
curves are larger for the shorter period, but are still relatively small, 
so that the curves of difference from the twenty-five-year first-order 
curve, which we have been discussing above, fairly represent (as has 
been assumed) the nine-years second-order curve. 

It may here be of interest to make a further study of Table I. It 
will be seen that not only the twenty-five and nine-year curves have 
been analysed, but also the curves for the fiYQ years and four years 
which made up the nine years, and again for four single individual 
years. Of these individual years, the year 1884 was chosen at 
random, the year 1873 on account of its extremely warm winter, and 
the year 1895 on account of its extremely cold and late winter. The 
results of the analysis for 1898 — a year with exceptionally hot weather 
in August and. September — have been added to the table. It shows 
a retarded first -order curve, with a second-order curve of mean 
amplitude and rather early maximum. It will be noticed that the 
coefficients of the first-order curve are practically the same in all the 
analyses, except those of the very abnormal years. A still more 
striking phenomenon is the persistence of the second-order effect 
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not only in the twenty-five years, the nine years, the five years, and 
the four years, but also, and to an exaggerated extent, in the 
typical single year. The higher-order effects vary very much both in 
magnitude and in position, but the second-order effect is prominent 
in all the curves, and, except in the very exceptional years whose 
abnormality it shares, it has its maxima oscillating over the first ten 
days of February and August respectively. This oscillation again 
shows itself in the gradual decrease of the amplitude of the second- 
order effect as the number of years increases whose mean curve is 
analysed. Thus for the single year the amplitude is 3° '57 F. ; for the 
five years it is 2° '06 F. ; for the nine years 1°*95 F. ; and for the 
twenty-five years, 1°*38 F. Thus Table I is in itself a sufficiently 
striking demonstration of the existence of a second-order meteoro- 
logical effect which combines with the primary solar eftect to give us 
'Our normal periodic variation of atmospheric temperature. 

The gradual diminution of the amplitude of the second-order 
•oscillation with the extension of the time over which the means are 
calculated, might perhaps be taken to indicate that if the means were 
.sufficiently extended it would disappear altogether ; and the fact that in 
hundred-year means for Yienna (which will be referred to later), the 
second-order amplitude is reduced to one degree, whereas the first-order 
«,mp'litude is 19°*8 F., might be regarded as a further indication of the 
same fact. In the absence of data extending over the whole period it 
is, of course, impossible to form a definite opinion, but if the arrange- 
ment were so that the effect which appears in twenty-five-year means 
is obliterated in a hundred years, it would be very interesting to know 
how the second-order effect appeared in the other three groups of 
twenty-five years of which the hundred are made up. Some light 
might be thrown upon the matter by the analysis of all the com- 
ponent years of the original twenty-five, but this has not yet been 
carried out. 

The fact that the maximum of the second order for Yienna comes 
-on March 24 shows that the remaining effect there is different in 
-character from that shown in the curves for the British stations. 

Comparison of the Effeci at Keio with that at the other Stations. 

Reference has hitherto only been made to the Kew curves, since it is 
the Kew temperatures which have been studied in detail, but the 
analysis of the twenty-five-year mean temperature curves for Aberdeen, 
Yalencia, and Falmouth are also given in Table I. The second-order 
curve is in each case about one-eighth of the first-order curve in ampli- 
tude, but the third-order curve is not always entirely negligible. At 
Kew its amplitude is only one-thirtieth of the second-order curve 
amplitude, and at Falmouth it is only one-seventh, so that in these 
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cases the liiglier orders are entirely negligible. At Valencia and 
Aberdeen, hoAvever, the amplitude of the third-order curve approaches 
one-third of that of the second-order curve, and therefore becomes more 
important ; but its amplitude amounts to only one-third of a degree, and 
the second-order effect thus remains the only one of any jDractical 
importance. 

Mr. A. A. Eambaut'^ has harmonically analysed the curve of the 
monthly mean temperatures for a single year (1899) at Oxford with a 
similar result, and in this case, as in the analysis of the 1884 Kew 
temperatures, the second-order curve is comparatively very large. It 
will be seen that all the stations hitherto mentioned have been on or 
near the sea-coast, and indeed it may be said that all British stations 
are comparatively near to a sea-coast. It was therefore thought ad- 
visable to make an investigation of the temperatures at a Continental 
station, where the effects due to the proximity of the ocean would be 
eliminated. For this purpose Yienna was chosen. Dr. Hann, in a 
paper on the " Temperature of Vienna, " based on observations for 
100 years, gives the harmonic analysis of the curve of mean daily 
temperatures (Table I, Vienna), The amplitude of the second-order 
curve is only -/^th of that of the first-order curve, and that of the 
third-order curve is approximately of the same magnitude. Moreover, 
the weather at Vienna has been investigated for the years 1876-1880 
in the same way as the weather at Kew, and curves of temperature 
difference from the first order curve value have been drawn for each, 
wind and each type of weather. No definite periodic curves were 
obtained similar to those obtained for Kew, all the curves being dif- 
ferent from one another, and in themselves irregular : the only universal 
characteristic was that the cyclonic and anticj^clonic curves for the 
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whole year (Diagram 7), and moreover for each wind, showed a re- 
markable parallelism, the cyclonic being almost always a little warmer 

* ' Rot. Soc. Proc.,' toI. 67, p. 221. 
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tlian tlie anticy clonic days. Thus there is no prominent effect at 
Vienna analogous to our second-order effect, but, as in these islands, 
whatever periodic meteorological temperature effects do exist, appear 
to be entirely independent of the relative frequency and mean tem- 
perature of cyclonic and anticyclonic weather. An analysis of the 
temperature curve for Agra, a typical Continental station in India, has 
also been made (Table I, Agra). Here there is a conspicuous second- 
order curve, but its position is entirely different from that of the corre- 
sponding curve for the British Islands, and its effect is to prolong the 
summer, whilst the second-order effect which has been discussed above 
shortens it. The two effects are thus in no way analogous, and this 
result, combined with the result of the Vienna investigation, makes it 
seem probable that the ocean plays a paramount part in the causation 
of the second-order temperature effect which we experience in these 
islands. 

Analysis of Sea Tem^wratures. 

With the object of further investigating this point, curves whose co- 
ordinates are respectively proportional to the fraction of the year, and 
to the mean temperature of the sea, based on three years' observations 
at Shetland, Scilly, and Yarmouth, have been analysed (Table II). 
The maxima and minima of these curves are all a little later in the 
year than those of the air-temperature curves, but the lag is approxi- 
mately the same in all of them, and it is an obvious and striking fact 
that there is in the periodic variation of marine temperature an effect 
similar to the second-order effect observed in the periodic variations of 
atmospheric temperature. Whether this variation of the temperature 
of the water which surrounds these islands is the cause of the atmo- 
spheric second-order variation, or whether it is only another effect of 
the same fundamental cause, does not appear ; but in view of the fact 
that the marked second-order effect is not seen at Continental stations, 
it would seem not unlikely that the ocean temperature is the imme- 
diate cause of our second order periodic temperature variation. 

Analysis of Barometric Differences 'between London and Valencia and 

London and Aberdeen, 

Table III gives the results of the analysis of the curves of thirty- 
year-mean difference of barometric pressure between London and 
Valencia, and London and Aberdeen, respectively. In each of these 
curves we again find the prominent second-order effect, although in 
the curve for London— Valencia it is somewhat earlier in its posi- 
tion than the temperature effect. Tlius the magnitude of the baro- 
metric gradients for southerly and easterly winds shows a similar 
second order periodic variation to that which has been observed in 
the atmospheric temperature of these islands. In view of the close 
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connection between barometric pressure and atmospheric temperature, 
it seems not unhkely that the one effect plays some part in the causa- 
tion of the other. 

The striking correspondence between the period of occurrence of the 
maximum of the second-order component of the gradient for westerly 
winds (London — Aberdeen) and the corresponding components for tem- 
perature, leads naturally to the suggestion that the periods of maximum 
and minimum of the second-order component of temperature are 
related to special barometric conditions. They may, and indeed must, 
be connected Avith some stage in the process of annual migration of 
the centres of high and low barometric areas, which is the result of the 
imequal distribution in longitude of the land areas in the northern 
hemisphere. A cursory survey of the mean monthly distribution of 
pressures in Dr. Buchan's volume of ' Bartholomew's Atlas,' shows 
that April is an exceptional month of transition, but up to the present 
WQ have not found any means of representing the successive stages of 
the transition in such a way as to enable a comparison to be made 
between them and the second-order curve of temperature. 

The data used in this paper have been compiled in the Meteorological 
Office, or extracted from the various publications in the library of 
the office. The harmonic analysis has also been carried out there 
under the supervision of Mr. E. H. Curtis. 

Summary, 

The harmonic analysis of the curve of mean atmospheric temperature 
at stations in the British Isles shows that there is, compounded with 
the primary solar variation, a secondary half-yearly meteorological 
variation. 

The effect of this variation is to moderate and lengthen the winter, 
and to intensify and shorten the summer. 

The second-order curve which represents it, has maxima which oscil- 
late, in different years, over the first ten days of February and August 
respectively, and minima which oscillate over the first ten days of May 
and November. 

With some exceptions, the efiect is generally apparent in a single 
year's observations, and, owing to its varying position, its curve ap- 
pears to have a larger amplitude in the analysis of the temperature 
curve of a single year than in that of the mean curve of a number of 
years. 

It is independent of the relative frequency of occurrence of cyclonic 
and anticyclonic weather, and of the relative temperature of the air 
during the prevalence of these different types of weather. 

It is partly due to a periodic variation in the relative frequency of 
occurrence of the "cold," "warm," and "temperate" winds, but is 
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to some extent apparent during the prevalence of winds from all 
quarters. 

It is not foundj with maxima at the same epoch, in purely Continental 
stations, such as Vienna and Agra. 

A similar effect is found in the temperature variation of the sea- 
water at stations surrounding these islands, and the atmospheric effect 
is probably connected with this. 

A similar second order periodic effect is also found in the variation 
in the magnitude of the barometric gradient between London and 
Valencia and London and Aberdeen. It is probable that this periodic 
variation in pressure plays some part in causing the similar variation 
in temperature. 

Note on the Effect of Sea Temperature tqjon the Seasonal Variation of Air 

Temperature, 

It has been pointed out in referring to Table II. that the harmonic 
components of the first and second orders of the seasonal variations of 
the temperature of the sea in the neighbourhood of a coast station 
show a relative lag as compared with the corresponding components of 
the air temperature of the stations. On comparing Table II with 
Table I, it will readily be seen that the first-order curves for the coast 
stations show a definite lag as compared with the inland and Continental 
stations. Thus the earliest occurrence of a first-order maximum for 
a coast station in Table II is July 30, and in Table I July 28, while 
the relatively inland station, Kew, shows the first-order maximum on 
July 23, and Oxford (for a single year, however) on July 12. Vienna 
is earlier than Kew, July 18, and Agra still earlier, June 29. We 
may thus regard the sea as causing a considerable lag in the occurrence 
of the seasonal variations of temperature in the adjoining coast stations, 
while in the sea itself the lag is still greater. 

, Now we may regard the periodic variation of sea temperature as a 
cause affecting the air temperature of the stations, and, without know- 
ing precisely the process connecting the cause and its effect, we may 
form some estimate of the relative magnitude in the following 
manner. Dealing only with the first-order components of the two 
related phenomena, we note that they are harmonic variations of the 
same period. We may assume that the effect of the periodic cause is 
itself simply harmonic and of the same period, and that the resultant 
first-order component for the air temperature is made up of a part which 
is independent of the sea temperature and a part which is dependent 
upon and caused by the sea temperature. W^e may thus assume the 
resultant first-order curve to be made up by compounding the two 
separate component curves. 

The composition of harmonic curves of the same period is a geo- 
VOL. LXIX. G 
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metrical process. Thus, if the length of AB, in fig. i, represents the 
amplitude of the resultant curve, AG, CB, the amplitudes of the two 
components, then, upon forming a triangle of the three, as in the 
figure, the angle BCC will represent the phase difference of the two 
components, BAG will represent the phase difference between the 
resultant and the first component, and ABG the phase difference 
between the resultant and second component. 



Fig. i. 




Applying these to the case under consideration, AG may be re- 
garded as representing the temperature oscillation undisturbed by the 
effect of the sea temperature, GB the effect of the sea and AB the result- 
ant effect or the actual temperature oscillation observed at the station. 
The angle ABG will represent the number of degrees of phase differ- 
ence between the sea curve and the station curve, i.e,, practically, the 
number of days between the time of maximum on shore and on sea, 
and so on for the other angles. Of such a triangle for any station, 
the following elements are known : the resultant amplitude AB, the 
lag of the sea effect behind the land curve, i.e., the angle ABG. The 
position of C is indeterminate because we do not know the actual 
magnitude of the sea effect BC, nor the magnitude or epoch of the 
undisturbed effect. But we know the extreme position of AG : it 
cannot correspond to a curve with an earlier maximum than June 21, 
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when the planetary effect reaches its maximum. Drawing then the line 
AC corresponding to a maximum on June 21, we know that the sea 
effect cannot exceed BC in magnitude, and that the effect which is 
independent of the sea, cannot be less than AC. 

Fig. i is a scale drawing representing this analysis of the tem- 
perature oscillation for Kew into two parts. It will be noticed in 
Table II that the sea temperature reaches its maximum at the Shet- 
laiids, at Scilly, and at Yarmouth on from. August 10 to 13. Taking 
August 12 as a mean date, the sea effect reaches its maximum 20 
days after the maximum of the first-order curve at Kew ; the line BC 
is therefore ruled at 20° to AB. AC, being unknown, is dotted at an 
angle of 32°, corresponding to 32 days, the lag of the time of maximum 
at Kew behind the solstice (June 21). It follows from the measure- 
ments of the diagram that the sea effect at Kew cannot exceed 8° -3 F., 
and the original effect, apart from sea, cannot be less than 5° '3 F. 

The mean amplitude of the sea variation is nearly 8° F., so that if 
the lag of the seasons at Kew is wholly due to the sea, the whole 
variation of temperature of the sea is superposed upon the initial 
variation. This would no doubt be an exaggeration, and the initial 
variation at Kew must be greater than the 5"-3 F. shown in the 
diagram. 

A corresponding diagram drawn for Scilly from the air and sea 
temperatures there (fig. ii) represents nearly the whole temperature 

Fig. ii. 
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variation at Scilly as being due to the variation of sea temperature, 
but the sea temperatures are taken from means for a very short period, 
these being the only ones immediately available, and it would require 
a much more prolonged investigation of the sea data before a really 
trustworthy diagram could be drawn. When these are obtained for a 
number of stations it would not be difhcult, by assuming the undis- 
turbed climate to be the same for places in the same latitude, to 
conduct a satisfactory analysis of the elements of temperature of any 
place into its primary constituents. It is, however, apparent from this 
mode of resolution of the temperature oscillation into components that 
the more the components approach to coincidence of epoch the greater 
is the resultant effect. For example, if the sea temperature round the 
British Isles reached its maximum on June 21, the amplitude of tem- 
perature at Kew would be raised to 13° "6 F.^ and accordingly part of 
the intensity of a Continental climate may be attributed to the simul- 
taneous heating of the large area over which the air for a Continental 
station passes. 

There is another point of some interest which arises in connection 
with this subject, and that is, that all the successive stages of tem- 
perature change are delayed by the effect of the sea. Since both the 
first- and second-order components of the variation of sea temperature 
are of the same order of magnitude as those of the land curves, the 
effect of the sea is to delay the seasons, and we should on that account 
expect, not only the autumn and winter, but also the spring, to be 
later in a marine climate like that of Scilly or Falmouth than in an 
inland climate, and it would be interesting to ascertain how far such a 
conclusion is borne out by phenological observations. If this conclu- 
sion should be borne out, and there is at least some evidence in favour 
of it, one should seek an early spring, not on the coast, but inland-, 
and on the other hand a late summer is more characteristic of the sea 
coast than of the inland country. 

It may seem surprising that the effect of the sea upon the annual 
temperature oscillation of a place near it should be regarded as 
increasing the amplitude of the oscillation, whereas it is a matter of 
common knowledge that the effect of sea u]3on climate is to reduce 
the amplitude of the temperature oscillation as compared with that of 
a Continental station. But in fact the temperature range of any place 
depends upon the original range (which may be regarded as depending 
merely upon its latitude) and the increase of its range due to its sur- 
roundings. In the case of an ocean station the increase of range is 
small, because the temperature range of the ocean is itself small, and 
the epoch of its maximum is two months later than that of the 
planetary effect. At a Continental station the increase due to the 
surroundings is much larger and more nearly simultaneous with the 
original planetary effect. 
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The climatic conditions at a place like Kew, for example, which is 
not far from the sea, and which may be regarded (according to fig. 1) 
as having an original planetary temperature range of 10° '6 F., and a 
resultant range of 24° F., may be contrasted with those for such a 
station as Nertchinski-Zavod,"^ at about the same latitude, with a 
range of over 120° F. Its maximum is reached by the middle of July, 
consequently the composition of the original planetary range with the 
range due to the surrounding region is almost algebraical. On that 
understanding, and assuming that the planetary range is the same as 
that at Kew, we find that the influence of the surrounding land at 
Nertchinski-Zavod is to increase the range by 110° F., whereas the 
effect of the sea at Kew only adds 13° -6 F. to the range, i.e., less than 
one-eighth of the land effect on the same latitude. The corresponding 
diagram would be as represented in fig. iii upon a scale of temperatures 
one-third of that of the other figures. 



Fig. iii. 




A 5-5T. C 



It is not, of course, a legitimate assumption that the planetary range 
corresponding to the latitude of Kew is accurately represented by 
10° '6 F., which requires only to be compounded with the sea effect to 
produce the resultant oscillation. The resultant effect at Kew is 
probably resolvable into three components — one the original planetary 
effect with its maximum in June, a second due to the surrounding 
land with its maximum in July, and the third due to the sea with its 
maximum in August. The precise epoch of maximum of the land 
effect, which would identify the direction of its line on the diagram, 
and the actual magnitude of any one of the component effects, which 
would fix the position of the lines in the diagram, are not at present 
determinate, but their extreme limits are known. 

* Atlas Olimatologique do I'Empire cle Eiissie. St. Petersburg, 1900. 
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